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Abstract
A novel endoperoxide diterpene, 7α-hydroxy-abieta-8(14)-en-18-ol 9α,13α-endoperoxide (compound 1), was
isolated from the stems of Microtoena insuavis (Hance) Prain ex Dunn, along with 4,4'-dihydroxytruxillic
acid (compound 2), gallic acid (compound 3), ellagic acid (compound 4), 3-O-methylellagic acid 3'-O-α-
rhamnopyranoside (compound 5), 3'''-O-methylcrenatoside (compound 6), crenatoside (compound 7), api-
genin (compound 8), succinic acid (compound 9), β-sitosterol (compound 10), and β-daucosterol (compound
11). The structures of these compounds were elucidated on the basis of spectral evidence.
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Microtoena insuavis (Hance) Prain ex Dunn is widely distrib-
uted in Guangdong, Yunnan, and Guizhou provinces of China
(Delectis Florae Reipublicae Popularis Sinicae  Agendae
Academiae Sinicae Edita 1977). The whole plants of M. insuavis
are used in folk medicine for the treatment of enteritis, diarrhea,
cold, cough, dyspepsia, abodominal pain, and distension
(Jiangsu New Medical College 1977). Previous investigation of
M. prainiana Diels led to the isolation of cyclopeptides,
glycosides, coumarins, alkaloids, naphthoquinones, flavonoids,
and triterpenoids (Li et al. 2004). Until now, no phytochemical
investigation of M. insuavis has been reported. In the present
study, 11 compounds were isolated from the stems of M.
insuavis. On the basis of spectral data and chemical evidence,
these compounds were determined to be 7α-hydroxy-abieta-8
(14)-en-18-ol 9α, 13α-endoperoxide (compound 1), 4,4'-
dihydroxytruxillic acid (compound 2; Lu and He 1996), gallic
acid (compound 3; Yi et al. 2002), ellagic acid (compound 4;
Hillis and Yazaki 1973), 3-O-methylellagic acid 3'-O-α-
rhamnopyranoside (compound 5; Kim et al. 2001), 3'''-O-
methylcrenatoside (compound 6; Li et al. 2004), crenatoside
(compound 7; Afifi et al. 1993), apigenin (compound 8; Berghofer
and Holzl 1987), succinic acid (compound 9; He and Meng 1995),
β-sitosterol (compound 10), and β-daucosterol (compound 11).
Compound 1 is a novel diterpene.
Results and Discussion
The molecular formula C20H32O4 of compound 1 was determined
by the quasimolecular ion peak at m/z 359.217 9 ([M+Na]+) in
the HR-ESI-MS. The ESI-MS/MS of the quasimolecular ion at
m/z 359 ([M+Na]+, 50) gave an ion at m/z 327 ([M+Na−O2]+, 10)
due to the loss of oxygen. The IR absorptions at 3 427, 1 102,
and 1 052 cm–1 suggested the presence of a hydroxyl group
and peroxide moiety, respectively. The 1H-NMR spectrum
showed two methyl groups at δ 0.80 and 0.94 (each 3H, s), an
isopropyl group at δ 0.89 and 0.91 (each 3H, d, J = 6.6 Hz), and
1.79 (1H, m), and one hydroxymethyl group at δ 3.10 and 2.81
(each 1H, dd, J = 10.8, 5.4 Hz). Twenty signals were observed
on the 13C-NMR spectrum. The 13C-NMR signals at  δ 149.1 (C)
and 126.4 (CH) and the 1H-NMR signals at δ 6.41 (1H, d, J =1.8
Hz) suggested the presence of a trisubstituted double bond. In
combination with correlations observed in HSQC, HMBC (Figure
1), and 1H-1H COSY (data not shown), an abietane skeleton
was assumed. In view of the unsaturation, the endoperoxide
could be located at C-9 and C-13 from the 13C-NMR signals at δ
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81.9 and 79.8 for C-9 and C-13, respectively. In particular, the
upfield shift of C-1 (δ 34.2) and C-5 (δ 36.8) in compound 1,
compared with C-1 and C-5 of methyl dehydroabietate (δ 38.0
and δ 44.9, respectively), is due to the γ-gauche effect caused
by the α-orientated endoperoxide of C-9 and C-13 (Nishida et
al. 1977). The hydroxyl group at δ 4.97 could be assigned as 7-
OH from the HMBC correlations of 7-OH (δ 4.97) with C-6, C-7,
and C-8 (Figure 1). The above evidence revealed a close struc-
tural similarity to 7β-hydroxy-abieta-8(14)-en-18-oic acid 9α,
13α-endoperoxide (compound 12; Delgado et al. 1992), with
the exception of a hydromethyl group in compound 1 and a
carboxyl group in compound 12. This hydroxymethyl group (δ
4.55) could be located at C-4 from the HMBC correlations of 18-
OH (δ 4.55) with C-4 and C-18 (Figure 1), and a NOESY cross
signal between H-20 and H-19 (Figure 1). The relative stere-
ochemistry at C-4, C-5, C-7, and C-10 was established by the
following NOESY cross-signals (Figure 1): H-20/H-7, H-2β/H-
19 and H-20, 18-OH/H-5, and H-11β/H-16, H-17 and H-20.
Accordingly, the structure of compound 1 was elucidated as
7α-hydroxy-abieta-8(14)-en-18-ol 9α, 13α-endoperoxide.
Experimental
General experimental procedures
Melting points (mp) were determined on an X-6 precise melting
point apparatus (Beijing Fukai Science and Technology
Development, Beijing, China) and are uncorrected. Optical ro-
tations were measured on a polarimeter (model 341; Perkin
Elmer Instrument, Shelton, CT, USA). The UV spectra and IR
spectra were determined on a Perkin Elmer Lambda 35 UV/VIS
spectrometer and Perkin Elmer Spectrum One Fourier trans-
form infrared spectroscopy (FT-IR) spectrometer (KBr disc),
respectively. Mass spectra were acquired on a Finnigan
LCQDECA mass spectrometer (Thermoquest LC/MS Division, San
Jose, CA, USA; ESI-MS) and on a Bruker BioTOF-Q mass spec-
trometer (Bruker Daltonics, Billerica, MA, USA; HR-ESI-MS). The
NMR spectra were obtained on a Bruker Avance 600 spec-
trometer with tetramethylsilane (TMS) as the internal standard.
Silica gel (200–300 mesh; Qingdao Haiyang Chemical, Qingdao,
China), MCI gel (CHP 20P, 75–150 µm; Mitsubishi Chemical
Industries, Tokyo, Japan) and polyamide (Shanghai Chemical
Reagent Factory, Shanghai, China) were used for column chro-
matography (CC). Silica gel GF254 (10–40 µm; Qingdao Haiyang
Chemical) was used for thin-layer chromatography (TLC). All
solvents, including petroleum ether (60–90 °C), acetone, CHCl3,
methanol (MeOH), and ethyl acetate (EtOAc) were distilled prior
to use. The solvent system for TLC was as follows: S1, CHCl3-
MeOH, 5 : 2; S2, EtOAc-MeOH 15 : 1; S3, CHCl3-MeOH 10 : 1; S4,
petroleum ether-acetone, 5 : 1; S5, petroleum ether-acetone,
15 : 1; and S6, petroleum ether-EtOAc, 10 : 1.
Plant material
The stems of Microtoena insuavis (Hance) Prain ex Dunn were
collected in October 1999 from Xishuangbanna, Yunnan
Province, China, and identified by Professor Jing-Yun Cui
(Xishuangbanna Tropical Botanic Garden, the Chinese Acad-
emy of Sciences). A voucher specimen (no. GF-107) is depos-
ited in the Herbarium of Chengdu Institute of Biology, the Chi-
nese Academy of Sciences.
Figure 1. Selected 2D NMR correlation in compound 1.
A Diterpene Endoperoxide from Microtoena insuavis    615
Extraction and isolation
The dried and powdered stems of M. insuavis (4 kg) were
soaked with 95% ethanol (EtOH; 3 × 30 L, each for 7 d) at room
temperature. After evaporation of solvents in vacuo, 280 g
residue was obtained. The residue was suspended in H2O
(1.5 L) and then triturated successively with petroleum ether
(5 × 2 L), EtOAc (5 × 2 L), and butanol (n-BuOH; 5 × 2 L) to
afford the corresponding fractions.
The EtOAc fraction (30 g) was subjected to an MCI gel (500
mL) column eluted with MeOH-H2O (7 : 3, 8 : 2, 9 : 1, 1 : 0, each
2 000 mL; 5 × L 16 cm) to afford fraction A (25 g), which was
divided into seven subfractions using a silica gel column (500
g; CHCl3-MeOH, 50 : 1, 20 : 1, 10 : 1, 5 : 1, 0 : 1, each 3 000 mL;
8 × L 22 cm). Compounds 2 (63 mg) and 8 (30 mg) were ob-
tained by recrystallizing fractions 1 (1 g) and 2 (500 mg) from
acetone, respectively. Fraction 3 (1 g) was separated over a
silica gel column (30 g; petroleum ether-EtOAc-MeOH 5 : 1 :
0.2; F 3.5 × L 12 cm) to afford compounds 10 (15 mg) and 1 (20
mg) from the eluate of 140–210 and 370–490 mL, respectively.
Fraction 4 (10 g) was separated over a silica gel column (200
g; petroleum ether-EtOAc-MeOH-HOAc 5.00 : 1.00 : 0.20 : 0.02;
7 × L 10 cm) to give compound 3 (300 mg) in the eluate of
1 200–1 500 mL. The separation of fraction 5 (200 mg) by a
silica gel column (20 g; CHCl3-MeOH-HOAc 10.00 : 1.00 : 0.02;
2.5 × L 10 cm) afforded compounds 9 (15 mg, 250–300 mL) and
11 (20 mg, 400–500 mL). Fraction 6 (1 g) was separated over
a silica gel column (20 g; petroleum ether-EtOAc-MeOH-HOAc
5.0 : 1.0 : 0.2; 3.5 × L 12 cm) to give compounds 4 (10 mg, 400–
500 mL) and 5 (20 mg, 750–900 mL). Fraction 7 (3 g) was
separated over a polyamide column (50 g; acetone-H2O 1 : 5;
3.5 × L 7.5 cm) to afford a mixture (60 mg, 200–350 mL) that
was further separated over a silica gel column (6 g; CHCl3-
MeOH 8 : 1; 2 × L 6.5 cm) to afford compounds 6 (15 mg, 45–
105 mL) and 7 (10 mg, 195–204 mL).
Identification
7α-Hydroxy-abieta-8(14)-en-18-ol 9α,13α-endoperoxide
(compound 1)
White needles (acetone), mp 196.2–197.8 °C; [α]20D  –18.1° (c
0.12, CHCl3); UV λMeOH (log ε) nm: 204 (3.73); IR ν KBr  cm–1:
3 427, 2 959, 2 932, 2 870, 1 632, 1 497, 1 454, 1 384, 1 261, 1 102,
1 052, 950, 803; ESI-MS (positive mode) m/z 359 ([M+Na]+, 40),
695 ([2M+Na]+, 100), ESI-MS (negative mode) m/z 671 ([2M–
H]–, 100); ESI-MS/MS (positive mode) on [M+Na]+ m/z 359
([M+Na]+, 40), 327 ([M+Na–O2]+, 10); HR-ESI-MS (positive mode)
m/z 359.217 9 ([M+Na]+, calculated for C20H32NaO4, 359.219 3);
1H-NMR (DMSO-d6, 600 MHz) δ 1.40 (1H, m, H-1β), 1.37 (4H, m,
H-1α, H-3α, H-6α, H-12β), 1.52 (1H, m, H-2β), 1.42 (1H, m, H-
2α), 1.19 (1H, d, J = 12.0 Hz, H-3β), 1.79 (2H, m, H-5, H-15),
1.85 (2H, m, H-6β, H-12α), 4.58 (1H, m, H-7), 4.97 (1H, d, J =
5.4 Hz, 7-OH), 1.47 (1H, m, H-11β), 2.11 (1H, m, H-11α), 6.41 (1H,
d, J = 1.8 Hz, H-14), 0.89 (3H, d, J = 6.6 Hz, H-16), 0.91 (3H, d,
J = 6.6 Hz, H-17), 3.10, 2.81 (each 1H, dd, J =10.8, 5.4 Hz, H-
18), 4.55 (1H, t, J = 5.4 Hz, 18-OH), 0.80 (3H, s, H-19), 0.94
(3H, s, H-20); 13C-NMR (DMSO-d6, 150 MHz) δ 34.2 (CH2, C-1),
17.9 (CH2, C-2), 35.8 (CH2, C-3), 38.9 (C, C-4), 36.8 (CH, C-5),
30.1 (CH2, C-6), 64.0 (CH, C-7), 149.1 (C, C-8), 81.9 (C, C-9),
39.0 (C, C-10), 23.9 (CH2, C-11), 27.4 (CH2, C-12), 79.8 (C, C-
13), 126.4 (CH, C-14), 32.4 (CH, C-15), 17.8 (CH3, C-16), 17.7
(CH3, C-17), 70.1 (CH2, C-18), 18.4 (CH3, C-19), 19.1 (CH3, C-
20).
4,4'-Dihydroxytruxillic acid (compound 2)
White powder identified by comparing its UV and NMR data
with those reported previously (Lu and He 1996).
Gallic acid (compound 3)
Light yellow powder; its NMR data are in agreement with those
of gallic acid (Yi et al. 2002).
Ellagic acid (compound 4)
Yellow powder identified by comparing its NMR data with those
reported previously (Hillis and Yazaki 1973).
3-O -Methylellagic acid 3 ' -O -α-rhamnopyranoside
(compound 5)
Yellow powder, [α]20D  –71.4° (c 0.37, MeOH), it was identified
by comparing its [α]20D  and NMR data with those reported previ-
ously (Kim et al. 2001).
3'''-O-Methylcrenatoside (compound 6)
White powder, [α]20D  –52.3° (c 0.12, MeOH), identified with an
authentic sample by mixed mp and Rf  on TLC (S1 and S2).
Optical rotation and 1H-NMR data were consistent  with those
reported (Li et al. 2004).
Crenatoside (compound 7)
White powder, identified by comparing its [α]20D  and 1H-NMR
data with those reported by Afifi et al. (1993).
Apigenin (compound 8)
Yellow needles (acetone), mp > 300 °C, ESI-MS m/z 269 ([M–
H]–, 100); identified with an authentic sample by comparison of
Rf values on TLC (S3 and S4).
Succinic acid (compound 9)
Colorless needles (acetone), mp 190.7–192.5 °C, identified with an
authentic sample by comparison of Rf values on TLC (S3 and S4).
β-Sitosterol (compound 10)
Colorless needles (acetone), mp 137.8–139.1 °C, identified with
max max
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an authentic sample by comparison of Rf values on TLC (S5 and
S6).
β-Daucosterol (compound 11)
White powder, identified with an authentic sample by compari-
son of Rf values on TLC (S3 and S4).
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